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Outline

> Introduction

» D, pure leptonic decay
D* 2> I"v,(I=w1)
Dt > I'v,(I=p1)

» D, semi-leptonic decay
D) 5> PIFv(P=K, ml=¢e, )
D) = a0(980) et v,
Dt > KH*ety,
» D rare decay
D* = ye'y,
D* - Dle'v,

» Summary



Main goals

D, pure leptonic decay D) semi-leptonic decay
Vcd(s) |+
Dy :

< Decay constant f ), , form factor f X1(0): better calibrate Lattice QCD

%* CKM matrix element [V, |: better test the unitarity of the CKM matrix.
- ~
Vsm’ v Vub

U= Vet Ve

T 7,
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Beijing Electron Positron Collider (BEPCII)

See Hajime and Bai- Quark and Lepton Flavor @

o L view detail s Export -
N Chlna Cian’s talks at BESHI  »= | 250 a5 |

Room: Racetrack

in the afternoon on
August 1%,

| N - o
» Beam energy: 1.0 -2.3 GeV o ﬁ,‘ ( =

A double-ring collider with high luminosity

> BESIII construction
s .

@l;‘ 2008: test run .

‘ 2009-now: BESIII physics run

BESIII

detector

- 1989-2004(BEPC):

Loeax = 1.0 x 103! /em?s

Locax = 1.0 x 10°3/cm?s

(Achieved on Apr 5th, 2016)



BESII| detector

Nucl. Instr. Meth. A614, 345(2010) _ 5600

From inner to outside:

43 layers; Oy =130 pm ;

MDC: small cell & Gas:He/C;Hg(60/40), || | ||| j: i
o,/p =0.5% @1 GeV; dE/dx = 6%

TOF: o;=100 ps Barrel, 110 ps Endcap

GeV; o,=0.6 cm/VE ”” % 3%9 0% fe

EMC: Csl crystal, 28 cm; AE/E = 2.5% @1 )= p——— |||||||

Magnet: 1T Super conducting

Data Acquisition:
Event rate = 4k Hz
Total data volume ~ 50 MB/s

MUC: 9 layers RPC, 8 layers for endcaps



D%*) and D.* data set at BESIII

> D) data:
* Taken @ Ecm = 3.773 GeV.
" |Integrated luminosity = 2.93 fb!
(The world’s largest e*e” annihilation sample taken at the mass-threshold).
= cross section: o(ete” — D°D?) ~ 3.6 nb = 21 M D° produced!
= cross section: o(e*e" = D*D) ~ 2.9 nb = 16 M D* produced!

» D.* data:

" @Ecm = 4.009 GeV.
* Integrated luminosity = 0.482 fb!
* o(ete” = Ds*Ds) ~ 0.3 nb = 0.3 M Ds produced.
* Ds is produced in pair with equal mass.

'@Ecm =4.178 GeV.
*Based on the data accumulated in 2016!
Integrated luminosity = 3.19 fb?
g(e*e’ — Ds'Ds) ¥ 1 nb = ~ 6 M Ds produced!!



Tagging method e e SD*D;

e*e >¢Y(3770) ->D* D

2.93 fb! @3_773 GeV 3.19 fb! @4.178 GeV
o | Teg Charge conjugated Tag |
/ processes are implied ° 8
D1/ k-
- . The signal branching
| , ) fraction:
_ Nyg;
¢ - = 18
/T . BSlg NDtag X €
Dt (s)
4';‘
........... iy ooy ASENA]_
For Tag side(reconstructed : For Signal side( reconstruct For Tag Slde(reconStrUCted
- from Ko 0 ): Faut): from K*K 1 ):

Julec = J Ecm - |ﬁD,: ‘2 me?_):)Q - ‘ - ﬁD: ‘2

: : |
AE = Ep- — Evean : IEmiss — Ebeam —F

ut

T |
|
' |
2 : : | |
MBC - \/Ebeam — IPD- : : : I I
| i | ﬁmiss — _ﬁ]_')— - _'ﬁ + [ 30000} K I
soo00 DT E ] : 2 2 ) 2 I : i 20000 |
L 4 L — ' I N
IMII]ISS Emlss ‘pmlss‘ I |mo_ |
20000 | ] 1 :1 I 10000} I
[ ] I —
% 1 Umiss — Emiss _ ‘pmiss‘ : : L LS . ml T 5 |
Mg [GeV/c?] : Jl L Moo = M - (GeV/c) |
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII — T I S S S S S S— S— 7



D pure leptonic decay

~2 p2
{J’Ff A

e
D [=3

n ; ; o
In the SM: (D, —1ty) = TM|I’J:':H{-‘:'}|2T”-f'f'nﬂu—”(]. —

(s)
Measure the product of f,,, and | V 4| directly
Bridge to precisely measure

* Decay constant f,, with input |V 4
* CKM matrix element |V 4, | with input £ ,

) I CKM fitter



Precision measurements of B(D* - u*v), fy,and |V_4|

== Data
107 E |G o
| =k PRD 89, 051104(R) (2014) D' 5 Uty
i H
Log Sca|e : — Othergdgcays 4091-21 Signals
non-D I'OCESSESs P e
ZI0FE XL e A
) C .
- L
m -
z ) Backgrounds are greatly suppressed
5 10g with a help of our Muon-Counter!
z -
Z -
3
10! i.F

0.2 0.4 0.6
M. [GeV*/c']

=
o
-

B(D* ©> p*v)=(3.71+0.19 + 0.06) x 10

Input Input
V4] =0.22520 *+ 0.0065 l Besm l fy. = (207 £ 4) MeV

from SM global fit from LQCD [PRL 100, 062002(2008)]

fy,=(203.2+5.3+1.8) MeV V4] =0.2210 + 0.0058 + 0.0047




First evidence for D* - t*v viat™-> nt* v (> 40)

- Split sample into TWO (1 dominant & m dominant)
- Simultaneous un-binned maximum likelihood fit

: A single candidate event:
D* = Km'n*

i The t dominant sample :

- 30 ------------------------------------------ ;_--i' - .
= T i : - (2 nv
s [ BEsm % =_ : Doy
o 25 Preliminary . .
L - .
S | .
2 20 " .
@ N |-' L
>k + + '
o [ D* = t'v i
° 15[ .
g f :
E 10
g i ol v
5 ¢
1‘1, -11:1.1.4:14 s ]
0 e RS B -
03 -02 -01 0 01 02 0.3

MM2 (GeV/c??

B(D* > t*v) ['(D+ — 7+v) m2, (1—ET+>
=(1.20+0.24_,_) x 10° R= = -
( sal DY = ptv) e (1 T )
=3.21 £ 0.64 (BESIII) = 2.66 £ 0.01 (SM prediction) o




D.t > I*v(l=pt)decays

Simultaneous fit

94, 072004(2016)

PRD

e+e-9Ds+Ds- 482pb-1@4-009Gev Er"|||||||||||| I
—_(a)
o ) 18 IM,,. signal regioh
Fixing ratio of the two; b
(fix R = r[D:' — 7 v.)/[(D — p+yp) = 9.76) 12 - Ut v oL
Niig B (%) i‘;_,: 10 |- \\ e
D* > ptv 69.3+9.3 0.495 + 0.067 + 0.026 E w T ><
= 8
Ds > T(w'v)v  |325:43 [4.83 + 0.65:0.26 g r
E

From the measured BF(DS+ - u'v)

v

Input

[V.| = [V,4] =0.97425(22)

in PDG

v

L |
T

AFE
APTEL. il |

| | I R L
E (b) Mg sic'ieban'd‘l'region
= b VRNSS
E_l + o i SN 6l i 0 AR |1|J.| |l|l:rr‘h:I‘:L| :I: 1
15 -0.1 -0.05 1) 0.05 01 0.15 2

MM? ((GeV/c?)?)

If we don’t fix the ratio

f,.,=(241.0 + 16.3 + 6.6 ) MeV

N, g B(%)
D> Wy 72.4+10.4 |0.517 £0.075 £ 0.021
D> TH(m'v)v  |22.1+12.3 (3.28 + 1.83+0.37 11




D) semi-leptonic decay

ch et
D 9 P e+ | (P= KI "-) .- : W_ljx..ﬂ-':::_'_'" -
9\— e Ty
q | S
f.(a)
: : . (T
Differential rates: % 25:;’? £ (q2)]2 Veais )| A

Bridge to precisely measure

* Form factors f,P~ X(1(0) with input |V g | <M fitter

-- Single pole form -- Modified pole model
J+(0)

]E\“

2 f+(0) file?) = 2
f [q ) 17(12/1 pole (]_I;ﬁt)(] a—‘,:)
-- ISGW2 model -- Series expansion

2 ‘ _ 1
Fo(@7) = Fo o) (1 12[qmax )7 S = P(1)®(1,1,) %{to) (1

* CKM matrix element |V 4| with input ,'aP. B> K(n)(Q)

X

DY

k

=1

1/2 for n¥)

k(1) [z(1, TU)] )
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D - K(mt) e* v,

B(D? - K e*v, )=(3.505 + 0.014 + 0.033)%
B(D? - me* v, )=(0.295 *+ 0.004 + 0.003)%

B(D* > K°e*v, ) =(8.60 £ 0.06 + 0.15)%
B(D* - n®e* v, )= (0.363 + 0.008 + 0.005 )%

PRD 92, 072012 (2015) o PRD 96, 012002 (2017)
S @ i = 20 (a) _ |
4000 - D% > K e*v,] o 15| D* > KOle*v,
L a ~d
r . — 10
oo [ 70727 + 278 1 = 26008 * 168
— N i £ s |
s ] s 7 |
= B - (|
Lo o] ‘ -0.1 O 0.1 0.2
A N ) 0 v <102
2 I D> mretv, = °((b)
) 300 — — L "
=2 B | — b
(K| — 2
200 6297 + 87 N L 4
100 — e — E 1 pog
FmEremn e 2 " 3402+70
%2 -0.1 ) 0.1 0.2 L1 , L wrveE = 18
U_... (GeV) ~0.2 0.2 0.4
Umiss (Gev)
Differential decay rates
100 . — 2.5 : . |
- D" —K% v, i D" —»mle*v,_ |
—e— Data —e— Data
;E_T 80 ;K —— Slntgle Pole Model ; ;":2_0 \* —— Siutg].e Pole Model _|
o - Modified Pole Model o ~ Modified Pole Model
% B ISGW2 Model ] % I~ +\ ISGW2 Model N
W 60 e, 1 O 15 s G
bt i 1 2 - S ]
~— 40 |- - ~— 1.0 |-
(\-.8_ - w0 - : c\-lg_ 0
= o D"— K'v, ‘-\ 1 =os D* ->n’e* v,
- - - ]
0 B ! . ! ‘ ! ] 0.0 . !
@] 0.5 1 1.5 2 (o] 1

g2 (GeV?/c?h)

a2 (GeV?/c?)
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Other D - K(rx) I* v, at BESIII

B(D* = K%*v,) = (4.481 + 0.027 +0.103) % [PRD 92, 112008 (2015)]
B(D* = KL (— nn®) e* v, ) = (8.59 + 0.14 +0.21) % [CPC 40, 113001 (2016)]
B(D* - K (— m*r/n®n®) p* v, ) = (8.72 £ 0.07 £0.08) % [EPJC 76, 369 (2016)]
B(D* > nu*v,) =(0.342 £ 0.011 £0.010) % Preliminary

B(D° > mptv,) = (0.267 £ 0.007 £0.007) % Preliminary

lIsospin conservation: consistent

(D’ ptv) THAD i L(D°or etv) _
S (DTS ) 0.990 4+ 0.054  within uncertainty  sr75r— .5 = 1.03+0.03 £ 0.02

I(D°—-K ™ ptw)
C(D+t—Koutv)

cip - (DK eTv
— 0.963 4+ 0.044  Wwithin errors rgmifcoew; = 1.03 £ 0.01 = 0.02

ULeptonic universality: consistent with the predicted value 0.97
[ZPC 46, 93 (1990); PRD 69, 074025 (2004); PLB 633, 61 (2006)]

+ ‘.'ITU +V . . . .
) = 0.921 + 0.045 within 1.1 Preliminary
O snr—nutuw . . . .
‘EE‘BO;_‘;U} = 0.918 + 0.036 within 1.5¢  Preliminary
(Dt K% v L
SRy = 0988 £0.033 within error
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Comparisons of FFs by D - K(mt) e* v,

HPQCD 0.666 + 0.02 + 0.021
BESII 0.73+0.14 £ 0.06
(D' - we v,)

Belle 0.624 £ 0.02 £ 0.003

(D" - we* v,D' - T pt v,)

BABAR 061+0.02+0.005 —8—
(D' - we* v,)
CLEQO-¢ 0.666 +0.019 + 0.005
(D' - we v,,D" = et v,)
mrmm e e ———————
:BESIII 0.6372 £ 0.008 + 0.0044
:(D" = e v,)
:BESIII 0.622+0.012+0.003 —=—
:(I}+ - e v,)
I A e I A B

0.45 0.5 0.55 0.6 0.65 0.
fi(0)

HPQCD 0.747 £0.011+£0.015
BESII 0.78 £ 0.04 + 0.03
(D' S Ke v,)

Belle 0.695 + 0.007 + 0.022

(D' 5K e v,D' 5K p*v,)
BABAR 0.727 £ 0.007 £ 0.009
(D' S Ke v,)

CLEO-¢ 0.739 £ 0.007 £ 0.005
(D' 5 Ke v,D" - K'
BESIII
(D' S Ke v,)

BESIII 0.748 + 0.007 + 0.012

(D" - K] e v,)

BESIII
(D" —

D.725'i 0.004 £ 0.012
e vy, —>K:—>ﬂ:*?r}

0.55 0.6

0.65

f(0)

0.7368 £ 0.0026 £ 0.0036

0.7

0.75
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Search for D% - a,(980)% e* v,

= Nontrivial internal structure of light hadron mesons.
= With chiral unitarity approach in the coupled channels, BF is predicted to be ~5 x 10 ->.

= Improve understanding of classification

of light scalar mesons
R_B(D+—>fgi+y)+B(D+—:-r:rE+v}

R= 1(3) if traditional qgbar
(tetra quark) system
(W. Wang and C-D. Lu, PRD 82 034016 (2010)

B(D? -> a,(980) e* v, ) x B(ay(980)" ->nr’)
= (1.12 + 0.29(stat) + 0.10(syst)) x 1074

B(D* - a,(980)%* v,) x B(a,(980)° »>nn°) =
= (1.47 + 0.66(stat) + 0.14(syst)) x 10~*

Events/(0.06GeV/c?)

Events/0.0545GeV

2-dimentional fit

D9=> a,(980)e* v, BESIII preliminary

Events/0.0364GeV

mm,I(G.eVIcz)

: Signal = :
D*-> a,(980)%* v, St e :
20k °
18F, (0]
18 [ >
14F| 1) S
12 o
10F 2
F [=
8F g
6F @
af
2k s
02 1 1.2

iB(D* = a,(980)%* v, ) x B(a,(980)° >nm)

< (2.7 x 10 %) at 90% C.L.
"""""""""""""""""""""""""""""""""""""""""" 16



NEW result based on the 4178 MeV data!

Dst > K("0et vy,

- Based on the data accumulated last year!

- Taken @ Ecm = 4178 MeV
5- Integrated luminosity = 3.19 fb!

: o(e e —DsDs)~1nb="~6M D produced!!

=

Currently measurements are only from one single experiment |

+ T( Dt - K*(892)°e*v, Yo 2o/l
VALUE { 1{]‘2 } EVTS DOCUMENT ID TECN COMMENT
0.18 +0.04 +0.01 32 HIETALA 2015 Uses CLEQ data
- = We do not use the following data for averages, fits, limits, etc. = « +
0.18 +0.07 +0.01 7.5 YELTON 2009 CLEO See HIETALA 2015
- T(DY = Kle*v, )T s/l
VALUE { 1{]‘2 } EVTS DOCUMENT ID TECN COMMENT
0.39 +0.08 +0.03 42 HIETALA 2015 Uses CLEQ data
« « We do not use the following data for averages, fits, limits, etc, = « +
0.37 +0.10 +0.02 14 YELTON 2009 CLED See HIETALA 2015

17



Branching fraction of Ds* - K("0e* v,

o BESHI D.*>K%*v, BESIII D .*>K*%etv,
preliminary _ reliminar _
T SR e — .| NoP=117.2+139 o ¥ P _____ ” _______ y ______ Nobs=155.0+17.p
E 20 b Fkltted d T] €5,=30.50% 2 Simulated £5,=28.68%
=R S acKground ... E 9 3 packground :
= & { From inclusive
- o
Z 8 20:MC sample
o 10 | 5 -----------------------------
@ it
"' | _I_ 10
e 2o Pil
Tty (R e N o+ o o T con
0.2 -0.1 0 0.1 0.2 -0.2 -0.1 0 0.1 0.2
MM? (GeV/c?) MM? (GeVZc?)
Channel

Measured BFs [x10~ 2]

Predicated BFs [x10 7]

D} - KYe*v,

39L009 [PDG2017]
3.25 + 0.38 4 0.14 [BESIII preliminary]

2.0 [1]
3.2 [2]
3.90°557 3]
2.9 [4]

D} — K*%et v,

18104 [PDG2017)
2.38 4 0.26 + 0.12 [BESIII preliminary]

2.2 [5]
1.9 [2]
2.3379%5 3]

1.7 [4]

Consistent with the PDG.
:- Still, statistically limited.
:- Fitting error dominates systematics.
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Form factor measurement from Ds* - K%e* v,

—&— data
mimn simple pole model
= = = modified pole model
— = 7 series (2 par.)
3 (a)
2
21— oD
20 \ 'll
! K Am ! P
0 0.5 1.6 2
g? (GeV?ich)
O The preliminary results for form factors:
Model Parameter Value f(0)
Simple pole f (0)[Vog| | 0.175 £0.010 £ 0.001 | 0.778 £ 0.044 £ 0.004
Modified pole model | £.(0)|V.4| | 0.163+0.017 +£0.003 | 0.725 + 0.076 + 0.013
o 0.45+0.44 +0.02
Series two parameters | £, (0)[V.y| | 0.16240.019 +0.003 | 0.720 + 0.084 4 0.013
r —2.94+2.324+0.14

Inserting |V q| = 0.22492 £ 0.00050 obtained by CKMfitter, the £, (0).can be obtained.
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= Not subject to the helicity suppression rule due to the presence of a radiative photon.
= Predicted rates are reachable range :
e.g., J.-C. Yang and M.-Z. Yang predict B(D* - y e*v,_) ~ 2x10~ via Factorization.

150" " " T T IDI" 9‘ V c-I:-"IvI | PRD 95, 071102(R) (2017)
[ data s © - Only Ey > 10 MeV considered. :
> i total fit ( 21 + 23) signal events.
% 100 - noe"'ve bkg ...............................................................
= - othiar bkg. % so00f
E --------- g
= o 6000
S 50 5
L|>J « 4000
5 -
9 2000F
g B
0 e = —%.-02 001 0 0.01 0.02
-0.2 -0.1 0 0.1 0.2 B(D v &'v,)(%)
Umiss (GeV)

B(D* > ye*v,)<3.0x105at 90% C.L.
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2-dimentional fit BESIII preliminary

(2]
V;}z<
e'l'
d > > u
D* DO
C | b C

Applying the SU(3) symmetry for the light
quarks, this rare decay branching fraction
can be predicted by theoretical calculation,
and its theoretical value is 2.78 x 10-13 [EPJC
59, 841 (2009) ]

Events/(1.2 MeV/c?)

Events/(6.0 MeV/c?)

1.84 1.86 1.8 185 1.9

M2, (GeV/c?) M2

Inv. (GEV/CI)
B(D* - D%e*v,) < 8.7 x 10 Sat 90% C.L..
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Summary

< With 2.93, 0.482, 3.19 fb! data taken at 3.773, 4.009, 4.18 GeV, BESIII have studied
Dyt > I*v, D) = K(mt) I*vand Dt - K"Pe*v,, and searched for D°*) -> a,(980)e*v,
ye*v, and D%e*v..

** There are some uncovered analyses at BESIII (see backup parts): D*-> K nt*e*v, D" > ne*v,
** Some other analyses are on going at BESIIl @ 3.773 GeV: D* - nle*v, D*-> Xe*v,....

< Improved measurements of decay constant f,, and form factor f ,°~ XV (q2), which are
important to test and calibrate LQCD calculations.

< Improved measurements of CKM matrix element |V | which are important to test the
CKM matrix unitarity.

%+ Based on 3.19 fb! data at 4.178 GeV accumulated in 2016, the measurements of f,_, and
V.| by D,* = I* v, the form factor studies of D.;* > n{)e*v, can be expected in the near
future.

Thanks for your attention!
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Number of Events

Precision measurements of B(D* - put*v), f,, and |V ]

e* e >(3770) >D* D 2.93 fb! @3.773 GeV PRD 89, 051104(R) (2014)
@ Y o i —
kel ] et ‘ ‘- = D* > ptv
20000:_ _ 2000— ; =§th§§;§em)s 409i21 Signals
B 1on-DT processes o L
: 2100 T . S,
1 15000 - ) C
| - > C
o0 1 2 r
1 10000 7 B
ool . 5000 E 10 g—
¢ i ] : £ C
[ i % > g
A 2 |”‘
- (9) 1 2000f L 3
R KSOT[' mn° 15005 -
5000:_ i i . 1000_ i ; it 10'l
: : S00F Py ' _ -0.2 0 0.2 04 0.6
182 184 186 188 182 184 186 188 183 184 186 188 M:.  [GeV3/c']
Mg [GeV/c?]
N and T T Tag
ND_ =(170.31+£0.34)x10
g
: D .///’K—
— 2 2 n
Mpc = \JES.. — Pz e
\/ beam thﬂg - >
< ¢
2 _E2  _n2 o T+
\ missing E miss P miss 0 /
1) 24

Signal ¥ vy,



» Comparison of f,, and prospect at BESIII

209.0+9.3+2.6 CLEO-c

203.2+5.3+1.8 BESIII (2.9 fb™")
PRDE89 (2014) 051104 (R)

203.2+2.5+1.8 BESIII (10+2.9 fb™")
Expected More 10 fb! data@3.773 GeV?

208.3+3.4 HPQCD
PRDS86(2012)054510

212-6i(].4:"'; Fermilab Lattice+MILC
PRD90(2014)074509

200

250 300 350 400

fy. [MeV]
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et e

Events/(1 MeV/c?)

500

Ll o

300

200

100

w
2

%)
S

100

100

9 DS+ DS-

D.* > I*v(l=p,T)decays

482 pb! @4.009 GeV

D KK

1.94 1.96 1.98

2000

1000

00 -

D.— K'*Kmn®
3000
2000

1000

D, KXK'

1.94 1.96 198

1.94 1.96 1.98

2

0

1.94 1.96 1.98

400

D— mtnm Di—mm
3o
2000
200F
1000 |
wof
0 1 Il 1 1 0

S,
Di—m qmm

1.94 1.96 1.98

1.94 1.96 198

2

1.94 1.9 198

1500

1000

500

=T
s My

000F

D.—nn
1500 F
1000 5

S00F

0

1.94 1.96 1.98
My GeVieh)

2

1.94 1.96 1.98

=15127+312

Simultaneous fit

Events /(0.01 (GeV/c )?)

PRD 94, 072004(2016)

16 4 (@)

14

-

Mg signal regian

[ 1 1 T 1 1 | J J 1 1 r ek L] PPN I 1 1 ]
=T r ] T ] LI B £ B
o | (0)M side and‘l'reglon
2 ;_ | -+ -’H - -[ Hl’
2 1T -
e d B & S I VO I e B R |l| T‘M:I‘:H 1711
-0.15 -0.1 -0.05 0 0.05 0.1 0.15

MM? ((GeV/c?)?)



» Comparison of f,., and prospect at BESIII

~3fb-1 data @4.18 GeV in hand

p counter of BESIII may help to

. Belle  Tv(u'vW)  265.8t 8.4+ 13.5 S
suppress background in D,;* — p* v b
Belle  tv(e'ww)  254.4+ 7.8+ 8.5 e
CLEO-c Tv(r'V) 269.8+ 9.6+ 10.4 ——

Roughly estimated with
CLEO-c results

Babar  TV(e"(F)VV) 2455+ 8.61 12,2 e—_e—
CLEO-c tv(e"W) 2528+ 11.2¢ 5.5 ——

o CLEO-c TV(p'W) 258.0+ 13.3+ 5.2 —_——
If systematic is the same

CLEO-c Tv(T') 278.2+ 17.5¢ 4.4 ——
as CLEO-c measurement

Belle v 2498t 6.5t 50 se—

Babar W'V 2659t 8.4+ 7.7 —_——
Result at 4.009 GeV is not CLEO-c L'V 957 6+ 10.3+ 4.3 e
included due to large error Expected 1 2EBEL 4% 4.3 | B

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
: 120 140 160 180 200 220 240 260 280 300

D.* — t* v will further
s f. (MeV)
improve measurement 5
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Study of D*

- Knte'v,

PRD 94, 032001 (2016)

rTrri rrri rrria rrri rrri rrri rrri rrri rrrr rrirr r:]:‘_i SOOO: I I + da{a | r:]:‘_i
SARRS I I T I T I I g =0 F o E=
: { data 3 3% - -
L - L) £ non-signal D* bkg ] L)
o~ - - g 3000 ;— B combI:atorlal I:kgg—; g
QT B non-signal D*bkg 7 < 2000f E
> 10 E 5% combinatorial bkg § £ ' =
L - . . = Q& os 112 13 Te W , 1.2
(D L N . _ rnKn(GeV/Cz) l'nKn(GeV/cz)
Q) 102 = R ' = 600
= te = = E
< E it 16181 H 3T 3 1=
< C T } i = 300 ER
: - i ii I i = _200 — :i
Z 10 E i | E| é 100F 4 =
S : | 1 £ obweTereeevitTs
> L a qz(GeV2/C4)
aa
| = &
(; = =
06 0.7 08 09 1 1.1 12 1314 1516 = £
= 0

m,_(GeV/c?)

For M(Km) : [0.6, 1.6] GeV/c? (full range):
B(D* = K m*e*v,) = (3.77 + 0.03 * 0.08)%

For M(Kn) : [0.8, 1.0] ( K*(892)°-dominated):
B(D* - K mt*e*v,)=(3.39 £ 0.03 + 0.08)%

A partial wave analysis shows that the dominant
R*(892)° component is accompanied by an S-

wave contribution accounting for

(6.05 £ 0.22 £ 0.18 )% of the total rate and that

other components are negligible.



Measurements of BFs of D.* - n() et v,
e'e>DSDS 482 pb’ @4.009 GeV PRD 94, 112003 (2016)

- Benefit the understanding of the source of difference of inclusive decay rates of D°* and D*
- Complementary information to understand -] mixing.

Umi;e::; = LCmiss — ‘pmib':e ~ 0
With 10 D, tag modes
Ds+ - ne* Ve I:)s+ - n’e" Ver ﬂ' - nreTe Ds+ - r]’e" Ve I']’ - Vpo
15 i LI LR L L B L LI LI _I+_IDIH[;1 LI ': 2 -_' AL L AL B (L L L L L B L B L '__ tl -_' LN L L L L L L L L L L L B L LB '__
> f (a) [IMcC ] L (b) ; [ (¢) ]
= i 7] Peak Bkg 1.5 — - T
; 10 - sade Bk: s 3.8+2.0 ] T 8.2+3.2 7
s 58.5+8.0 | [ | i ‘ :
?; S _— _: 0.5 :— —: ) : 1 ’l :
= U;F.._._l ) { [ : {]:.L.—.F’-!_{L ,}Lﬂ—‘-}...l..m.: u-__ﬁu:. 1 L O i O PO "‘._-
0.2 -0 0 01 02 03 0.2 -0 0 01 02 03 0.2 -0 0 0.1 02 03
U,.. (GeV) U, . (GeV) U, .. (GeV)
BESIII CLEOII 95 CLEOc 09 CLEOc 15 PDG [4]
B(D; - ne'v, )| %] 230+ 0.31 £0.08 248 £029£0.13  228+0.14+£020 2.67£0.29
B(D; = y'etv,)|%]  0.93+0.30£0.05 091 £0.33£0.05 068015006 0.99+0.23
B(D;=ietv,) 040+0.14£0.02  035+0.09+0.07
B(D]—=netv,)




The correlation matrix including both statistical and systematic
Uncertainties. [preliminary ]

0.00 < ¢° <=0.35 0.35 < ¢° <= 0.70 0.70 < ¢° <= 1.05 1.05 < ¢* <= 1.40 1.40 < ¢* <= gmux

PRV 1,000 -0.154 0.016 -0.000 0.001
-0.154 1.000 -0.117 0.011 -0.001

0.016 -0.117 1.000 -0.102 0.008

-0.000 0.011 -0.102 1.000 -0.075

0.001 -0.001 0.008 -0.075 1.000

In the calculation of the systematic covariance matrix, we have
considered the systematic uncertainties arising from the uncertaintie:
in the number of D, tags, D.* lifetime, MC statistics, E, max CUt,

M., CUt, fits to MM? distribution, tracking and PID efficiencies.
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The differential decay rate for DI — K*9eT 1. can be expressed in terms of three helicity
amplitudes (H+(g?), H_(g?) and Hp(g?))

dsr 3 GE‘vd|2pKTrq2
dmy . dg? dcosO dcosbedy 8(4r)* Fl%ec 3

B(K*® — KT7n7)|BW(mk,)|?

Ds

X [(14 cosfe)?sin®0|Hi (g%, mkx)|?

+ (1 — cosbe)sin®0 |H-_ (g%, mi,)|?

+  4sin®0ecos® Ok |Ho(q?, mkx)|?

+  4sinfe(1 + cosfe)sind cosk cosx Hy (g%, mi)Ho (g%, Mk )
—  4sinfe(1 — cosfe)sinf i cosf i cosxH— (g%, muc-)Ho (g%, My =)
—  2sin?Besin®O cos2x Hi (g%, muc-)H_ (g%, mk)].

The helicity amplitudes of H. (q?), H_(g?) and Hp(g?) take the form of
2Mp, Pk n
Hi(q?) = (Mp, + mi)A1(q%) F WV( g?) and

4m2 pzw
Ho(a?) = 5mis[(M3, — mi, — %) (Mb, + mik)A1(4%) — meBerke py (q2)],
A!{Ol V!Ol l i A :0;

The Breit-Wigner function of K*9 line shape takes the form as

_ __ V/molo(p/ B(p)
BW(Mgkx) = = mio _,,f,oﬁr’?mh) B(pz)

_ 1 _ 1 _ 3_mo ( B(p) \2
where B(p) = —=de— with R =3 GeV~" and I(m ) = ro( ) T (7(527) .



Following the same parametrization used in;

[1] BESIII Collaboration, M. Ablikim, et al., Phys. Rev. D 94, 032001 (2016).
[1] CLEO Collaboration, S. Dobbs, et al., Phys. Rev. Lett. 110, 131802 (2013).

Events/ 0.12 GeV?/¢!

Events/ 0.2
[ [
° =] =]
N T T
s o
R
e
P
I
)
N
S

0 02 04 06 08 ‘I

4 (GeV?/ct \ Q : cosh,

%%S\‘ ol

1
m

20F

Events/ 0.2
Events/ (.27

10

////////%

oc.“;ﬂ K

[ The preliminary results for form factors:

ry=1.67+0.34 £0.16 and r,=0.77 + 0.28+0.07
The first errors are statistical and the second are systematic. 2



